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2 

[ 0 0 0 1 1 

[0002] 

^7t^-i'v*--K (LED) — if (LD) fflcT:) 

[0003] if:7r-i' r^s i cmtR±{z.G a N^f^ C 

X. mm^M^nf^^ (MocvD) mt^:^i:>^< 

[ 0 0 0 4 ] ^^T% -^t::m.^e^0(7>i^fe:^^^^tg^^ 1 0 

0 o'c^i±.co^^mx'mitm?f.^t^^^^mi^m^f^^-r^ 

Rtjfc, 5 0 0 — 6 0 oX:^^(Di&i^xmt^±.^:-A i nx 
riG a N;^^ b/ij^^'^^ y r M^f^^-t^:^'^^i}^m\^^ hti 

[ 0 0 0 5 ] L.t^U. m^X<Dm,MWmi^^\Z.:}a\.^X . 

^k.--<nm\Y.m%\):.^m^^m^wm<r^i^^X'n.m\ o^ - 

1 0^^ c m"2t>'7>i^^SI5fe;6^^i^St^ix. ::^xbco^^i: 

^m^m\z^^-^x^-^^^ 

[ 0 0 0 6 ] z,z.x. %^^r^mz^^'^^%<Ty^mn\z.'^ 

19 (a) (^Tj^-fJ: 5 fc, ^^^mW^m^i^^^^X . 

'Mt.^h. 1 9 (b) (c.T^-r J: 9 t::. ^(O^mz.X.'on 

^t^T'#6;^v 1X10^ c m"2^rM:l^^-ti-6cO;5^PI 
^fc. ^19 (c) i-.i^-Tet 9 . ^{L^^?^ 

^Ur, :^TO^^(Cl 0^ 



3 

[0 0 0 7 ] nMmi^LCD^^i}mit^^.^^mwm^iz.-^ 

KcoK^- (^^yr) mmt-?^<. ^r^-zi^^w^m^-A- 

^mi^mr-n. -^^ T(D9 y ^ M.mi< . 
(3) nmmu.<r>%i^ {nrnm^Lt^f^^m^mt^t^^ 
m,(Dnm^jiz^\^x^ftz't^^m.m.^^rm^^ (mq 

[0 0 0 9 ] (4) :y hCO^ftfCj: 19 . 

(5) iimB#{cm^^^>tl^7^^5^^-:/ttco:7^^(7:>^il^^f^ 

t\ ^i^^m^^\^-^fzmmxitm^x^:^j:i\ 
[0 0 11] ^r^. mit^^it^^^Mi^^^'Pxw^z. I 
nGaAiN^^ti. m^^^^t^m.^^^^m.ti^xmm 
x^^. mB^M^x\.^^^ L^^L, ^(Dnm^.x\t. 
Ai ^'^t^i^m^mmt^m<m.^x^fj:\^^fzi^. ^mc 

[0012] 

m^f.^t-^m^mi^m^mi-xi'ff^ Lfz^^m^^mi^r' 

y<^' y^xit. i&^^f^-M:^<y y rmw<Dj^^^m^m\^^x 
±mK^rixi^t-^ 

[0 0 1 3 ] :^^0^l^. Aim^^^m^^m.i^xf^^tifz. 

yr ^ r^(Dm^±{zmf^i^^z. tt-x^ . mY.m%\\:. 
^ ^ CD ®i it ^i: ^ ii ^ -r 6 ^ ^ ( c ^ 6 . 



(3) 2000-21789 
[0014] 

[0015] ttjtsrrMco^-7-^i;tt^, H^^^tCRtJlsm 2 
[0 0 16] ;^^P^c7?li^ri3t:ii^.6^^^^(^, -^1 
m2(75^isSi^^'^t?^{t:4^^^-ft:-^i^4^i§^iii:. ftjfEM 

[0017] _blS!i^3l 1 l^JiifijJtTi 

30 %, ^x^xy^r ^^=^:^r (n^pf^<, h%\^<o'^m^'^\^-^ 
i.^r. 1 0 0 o^uJ.±c7:'i^?^T-^j^:^^i:-//i.^i^^r-^ 

[0 0 18] ^bf:^, ^lEHl/it^. AlGaN, In 
GaN, A 1 N, GaN. ^ ct C ix B ^1^. 

:tJDb/tt4-^. Si, s i c, ^y r ^ r^x.xy^z.t\.h<o 

[0019] -v-jx^c^^ig^co^a^fif^, M)^6^ic:?f^;ii^;^ 
[ 0 0 2 0 ] ^^\z.^ ^U-^y^ <^'mw^^(r>mu^ 

^w^\'cm%vc%m^^m^wm<^^%^ <ii-2o> 

[ 0 0 2 1 ] if^m^m^\z.i^\1 ^ . ^'Jx-f^ (1 1 

-2 0) l^M;^f^^.T^L, >pJ'^r^i^fc^6::^f^(7>'ft^^ 

[ 0 0 2 2 ] ^mm\:.mik\\:.%m^^^wm<^m 

la^ii^tecT^^a^^. 10^7!;^ 10^ cm'^r-^^r: 

[ 0 0 2 3 ] ^biC. ttjfE^ft^^^fb^^^^ig^jif^. 



5 

[0 0 2 4 ] m^^:^^ ±.(Dmit^^.^\:^^^ 

[ 0 0 2 5 ] mB^mitm?h^\:^^^mi^mit . g a x 

Iny Alz Bi-x-y-z N (O^x, y, z, x 
[ 0 0 2 6 ] tniE^T; :^^t^. ttltem 1 iiJbiC. 

[ 0 0 2 7 ] mm^imn. "tcomm^^mm^^^m}^^ 

[ 0 0 2 8 ] mm-^ ^ ^ (omm^^(Dm u^f}-:^ h^-Y 
y'm^Mf^^th. ^mom<r>m^w. ttjtsig^cD^p^ 

^.it^m^mi^m (Oi^^m^^ a n <i: l ^ # . 
-lyo^wXp-an/as^iyo, :}6j:.'Cf 
-1%^ (p-w) //p-an/a s^l% 

[ 0 0 2 9 ] ^^0^(7:>ff5^ii 1 3 {zm^^mit^^^^mw 

^^comm':^mn. ^igit^^is^cDi^p^^^-rs'v 
[0 0 3 0 ] ^um\:.mik\\:.%m^^^wm^m^'r^T. 

[ 0 0 3 1 ] mt^% 1 Sl^, A 1 G a N, I n G a N, 

5^:f, Si. s i c, -^^:7r ^ rii6X.xy^z.f\.^<Dmmm<r> 



(4) 4^§^ 2000-21789 

a 

[ 0 0 3 2 ] if^^mx\'X. m'c^-^.wi.^m^m^wm^^ 

y r -rr^s i c^o'^1 ;g (gS) , xt^cixbog 

«±t'G a N^G a A 1 nf^ <r}m\Lm%^^^wm^n 

^ O Pif il CO L#3 ^ ^li.'r 6 /t ^ CD 
[0 0 3 3 ] '7'r'yi^j^^<r}M^^ ^ 2 o s E M 

^:Lt "9 , M^^i^t^^^ 10^—10^ c m"2t- 

(11-2 0) ^^Li::;^f^tCT^ >t^tc?f0^£L7^cS i o 
2 ^ yi"^ — i?'J<i: ^ff tbix6. (omo^(D^E 

[0 0 3 4 ] Ep*.. mi\:.^^.^mwmi^(^i'^mz:^^^ 

[ 0 0 3 5 ] t.tz. mmmm:<Di^mxKf^^-'r^mit^ 
[ 0 0 3 6 ] ^(b(^. ffi^3fei!/^{t:i^^*igf^u>— -r^ 

;5^ii:tJ0L. h ^ V O ^ >- >';^ 

fct-<;*ctitc::^^ < ^ 0^5:1: i: , ^^¥f\±i)-X 

50 r^KCf^Ji^S. 



[ 0 0 3 7 ] mit^^.^it-^^^-mwco^^B^uM^^^i^-t 

^^^^{i. ^3^:9^-f-, M^'r'^<^ :^m. ±X<Dmit^^ 

[ 0 0 3 8 ] ^t^. ^^mx\^. i^:771'r^s i cm 

[ 0 0 3 9 ] .^a^Bi^tiS^^iili^r-f^. ^Pfi^Jit^ 
^ IE :^ E c :^ Pfe ;a ^ ^ ^ n ^ fi ^ ^ b ^ ^ ^ M 

r- 1^ ^ lH:^ nmmi^ hi(r)^ ^BX^tH^U^t"^. y 

v- ^ ji^m^ X' nmmiLm^<7:>i^^B x ^ t'^^^B t^i:: 

^mtm^Mi^m^xn^^^m^j: ti^::-^m l i o^^c 
i&mx^h. 

[0 0 4 0] :^ h "7 ^ :fy^<^-~>{^X.^'^::^ ^ ^m^^fz, 

[ 0 0 4 1 ] '^'^f^y T "7 /\-f^^^nbtz.^\z.n. -^-7. 
i^(D (1-10 0) :^{^tWnlz.'rhz. t^^M^xh 

7^^:^— tCiin-rSo mit^^mWCO (1-1 0 0) 

1 9 om'rhLtz^^^^^i^->'X(Dm^t^^mi^f^^ 
nmh^'^mx. mi^^^mt^^mi^comnx^ 

-e. 7^f^m^^nm(D'^:^^y^^->^X\t (1-10 

0) :^\^(D^^^xf>^>^^'y—=^>'^-ri>z.tx\ wmm 
[ 0 0 4 2 ] ^fc, j^^mitL'^h-^t/umiiinmmtmt 



(5) 2000-2 1 789 

s 

i^yr^'r (0001) cId irMit;^" y ^ A c 

^. jf^^ 1 6 %(7:>^^^^;i^^fei:^. z.(Dm-^. T-^mt 
[0043] mitm^mi^^Hc s i ^j: ^^(D^^MW 

mn<Df'^cD^^^mt'^ i x i o ^'^ c rrr^i^_b#ft-r-6 

[0 0 4 4 1 Z,coj:,^{z.. :^'^m^'E.^j^(^'^:^^ ^^-^ 

m\:.^'^mwm^\c^^^x\^. Wi^mn-^^ ^ (d^^bX^ 

{tm^^xm\^\^iLX^ 6. 
[ 0 0 4 5 ] ^fc. :^^m\^ . mtm^sit-^m^ 

^^^m^W^^\^^^^X . 1 nG a A 1 N /g cD-^t^^^ 
W^h-^^^ myL\^. S i O2 ) 

[ 0 0 4 6 ] myl<ryX. 0 (ct^jfsoc a ^Si^.'^^^'MW^^X 

^^nmt-^:^^ (S i02 ) ^^^R5^^^{c{^j^^tiri^ 

i^>> U 2 1 {:i7j^-r cfc 9 (c. t;^^^ J: ^ t:::^ ^ :y ^^^^A^ 

u-i^'^^^g.-r ^ ^ t t-x^ -5. 

[ 0 0 4 7 ] 

?f.<t^^^mw^m^'tzh<oxhnit. ^^m-^xhm. 
[0 0 4 8 ] mi comMmm) mu^^sn. 

com 1 (7>^mjl?ll(c{^^6^jt:fe^4^5gf^^^o«it^ 

m^mxh^o 

:^mx. (0 0 0 1) ffiic^tf T'^^Di^^-r^if y r ^ 

rm^^^^^wt^j^^^f^^ (MocvD) 'm^xK^G 
a Nm^j^f^^^m^^z-^i^xmrn-r^. ^tz. -li^^m 

5^7 [ 0 0 5 0 ] |gl 1 . J; ^ f^iSL/i^'ftfe?^* 
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[0 0 5 1 ] ^-r. ^ryr-rrmKi oidf&f^ (5 0 

O^eOOt:) X'G a -yy r Ml 2^^-\-nmm9: 

'CG a Nil 1 3 (7>/^S:^^tT9. V^M^l^ X ^ :l (^mW^. 

x^f^^^n^t. ^^^m^^mi 6%tm'^^z:Kt^- 

[0 0 5 2 ] -^yr-^ rm^R 1 0_h(CG a 

yTmr2^ir\^x. i^t^c a Nili 3 ^/^t^^i- 
( c o I ^ r 1$ * B ^ ?^ - 6 o 
[0 0 5 3 ] ^-r, ^^i^fei^, m^m^x-r^x^m^h. 

tz~^y r rm^x 0 ^ . moc VD^®(7:>^i;^Mf^{vi 

12 0 oT:t*^i 0 5>r^/cii-^ti:^^/f^>^^S^EL, ^ 

[ 0 0 5 4 ] ?:^i/^r% r -< r 1 0 Jid, GaN 
''^iy :7r^ 1 2 ^rJ^Sct^i^* 5 5 o^rM^P^. i^^ 4 0 
nTn\cm.m\^tz. ^'mmx\tf^^n<D^-z'Jr:ffy^tl. 

;5^9. 5L/5^, TMG ( h U 7^ ^/U-i?' U C> ) ^25 

cc/:^^^L./co ^7^', ^<i^:7rii 1 2^;53e::^^, 
f^g^ 1 2 ^^rflr- 110 ot:f^#f^L. 110 o^'Cfc-pfj 

itL:t(bGaNiil3^1 9#rfl;** 2 u mCO^^tC 

[ 0 0 5 5 ] ?^l/^T-. ^c7) J; 5 d L-T#^b>n.7ti^f^iiit;:g 
G a 1 3 {COI^T. n v^^^^t/Xi^E^ff)^ 

^tfofco t(ryl^^. ^S^^iB'fiOtai^r^l.^G a Nil 
1 3;d^'#bjh.7t^ <t ;d^4^tJ!^ Lfc. x;&4^filf^if^ 3 . 2 a 
rcmin . ^ ^ !; T^gft 6 X l 0 c rn"^ ( n M) - — 
/L-^t^lft 5 OOcm^ /V-sec <!r, t^t^^fe r^^/iit L 

M) ^^^trofci: 5. f^^^;!fe:i:G a N/1 l 3c|3c7>^ 
3 X 1 0^ cm'^T-^b*?. ^ V^fe TMt;7J£ 

[0 0 5 6 ] :^^m\^X^:^mxo a N/i^{^;3jt 

L/ci^'&ICOl^r. Iil2, 11 3 I'^l^Tl^B^-t-^. (112 

^^mz.x^:)jmx'V^j^i.f:Lmitmi^.^Mwm^<j^ 

[ 0 0 5 7 ] ^-f. 3 J; p (c. ■^':7 r -i' rst^ 
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2 0±(C, 1 0 mnfrflf^ir-iil^ 2 Mmc;:'^P^2 1 a ^ 

X'. z.o:)'^y^ 2 x^m-i^'^^yy r ^ r-&Wi2 0'^'. 

ffit'TK^^ 2 5 L/f>cOi5^Elcr'-^ L/iT^^ tajSl2 0 

[0058] ^^^-r. -^^^^21 ^mf^i^tz^y T T 

iO St^2 0i:t^. G a N-'^ :y :7 r /i 2 2 ^;iJ<::^t^S 5 5 0 
X:X2'j^mm.m\^. 2 O nmfC^^LTt. ^^f^r- 
(•if5jt:^9#cO::5r-^ y r;^;^ i: LTtK^^ 20. 5 L/5>, 

i^j^^fyy^:^ <^ Lrr v^-r ^ 9. 5l/5>. tmg (h 

y ^/Uj^y' y [> A) ^ 2 S c c Lt^. ^fc, y 

yrm2 2 ^j^^m. 1 1 0 0 t:t^[^.]itr# 

ta^ti, TMG§^?f:^s:^ 1 0 0 c c/'5>(ciii;^]aLfc. 

110 Ot:fC$iJiilL/c:t^G a Nil 2 3 ^ 1 mm^^M 

[ 0 0 5 9 ] iSki^r-, r:(Di: 9 Lrif#bnfcf^ta;5fe:l: 

20 G a N/i 2 3 {COl^r. ^ :7 d Xil8 [nltif v'i 

^^T-o/c. ^O.^^, ^ffiiF:±a^c75^^6r®tl/^G a N 
Ji 2 3 ;i^#(bix, X;j®4^fLl'^Iti 1 . 2 arcmin . ^ y 
r^S 5 X 1 o^^c m"^ (nM) . T^^-yu^tiJit 9 0 0 
c XV - sec t, ^^5^^/5fer-{^^# t n/^^>o i^tPa 1^ 

i^M^m'^m (TEM) mm^n-^tzt z.^. ^t^f^M: 

G a Nil 2 3 O^iHa^i^iti^ 1 X l 0 ^ c m~^{Z 

i&m^rix:if6y) , mMmxi'ff^i^tzG 3Lisim(on^mitL 

30 ^itco^ 1 X 1 0 OXhotL. 

[ 0 0 6 0 ] ^/c. ^ffiTEM^^(cj:6i:. Mii^^^^: 

2 5 1^ S i O2 -^y^^ 2 1 cDiJt^cpi^^fStCCO^^^^^LT 

t^. 2 1 c?0Mp^ 2 1 a ^a^i^Sc:^^^ /i: 59 . ^ 

2 \ iLXi-t'y'r^ /i^f^^m^iM^fx. -^y>^2i<D^:^ 
^X'^--^ (Dmo^2 1 a f)^hyy^ y/i^f^-B: 

[ 0 0 6 1 ] :^IIJ£ff^^r'l^. :7 r il 2 

2^^i:t. •^0_b^(-lilS?^/5S::gG a N^ 2 3 $:fl^^/?JCL)t 

40 :^^0Jt:: J:^Siig:^ifetc J;ixfl\ ^ 2 1 

nlFf^ 2 1a <7ymmt^^m^BM(DJ: 0 {^/J^^i^^ 

-a-ici^, {^m.^<yyrm^\^xi,w\m<D^^m%hix 

[ 0 0 6 2 ] 5 "^yr^ 

Ta«2 Oilcan 21a ^^i-^S i O2 2 1 

^^tj-. -^^^2lc7:)^P21a ^^t^ UTlg;?^^:^G 
aN/^:y:77-^2 2 ^ t/i^t^iife:^ G a N^ 2 3 ^W^f^-f- 
^Z.t\CXK}. M^^^tL'k'^ y^ 2 \ (Dmt^^^<D^ 
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[0 0 6 3 ] /^jB, ^mMMB'CnMOCVUm^^^'' 

[ 0 0 6 ^1] {m2(Dmmmm) m4i^. :^^0jc7>ig2 

[0 0 6 5] -tH:7r -YTSt^a 0±tr.. »^ 3 l a 

-r^s i 02 ^^b/^Jt^-v;^^ 3 1 ^"^mjiZ^ri. -^^^ s 

1 C7:)?$^|^ 3 1a {Z\:iMOCY D'^{ZX ^ \^i^G a N/< :y 

~3^G a NTii^S 3 3 t'^fe^^^ t\.X ^ . 

[ 0 0 6 6 ] G a NTit/i 3 3 n M G a N ^ V 

-^^[-m^^, n MA 1 G a N|li5tEiiA^ 3 6 , n IIJJG 
aNjt;tr^' K/i3 7, (MQW) ^it^--^ 

I nG a N^f^tiii 3 8, p {RiJ G a N 3^ KH 3 
9, pMA 1 G a N1^i5t£?iA/i 4 0 , p^GaN=r>^ 

[ 0 0 6 7 ] _ht5^ii^itc7>— ^J^, n^GaN^>'^ 

^n, mm L/';3>^^ h;i3 5±t^n tiom^4 2 ^^^^^ 

MGaN::i>'^^ hif4 1 ± f^^i^tc^^O 36 S i O 

2 fli4 3 ;5^al^R&^^c?f^J]^t^i^. z.<ds i 02 M4 s^u^ 

[0 0 6 8 ] ?^{^. :^m'^Btk<7y^^mPfi^ — ^comm:^ 

m^^^f^-^ (MocvD) feic J: ^i^fcji 
(tmg) , h y 7« f^yL-ryu ^ ^ r> A (tma) , 

h y ;^ ^.'^'-Y Vv'r^ (TMI) , u^iy^i^ 
zr^-zU-^^^.-y^J^ (Cp2 Mg) ;^7';^l^^4^ 
Lr, Z^^:=^r (NH3 ) , V-^V (S i H4 ) 

[ 0 0 6 9 ] t.-r. -^y r ^ rm&3 0 gi 5 t^.^ 

-fi: 5/^5 0 mr^PilC^^gt^(C.?t (^P^) 31a 
^^*j-/cS i02 yi=>b;5)c^-^:^^31 ^JT^/iJc-r^o ^^^^ 

P^d^AU, 1 2 0 0t:, 1 0 ^r^cOi^ — -v^u-::!^ y 

[ 0 0 7 0 ] 1^\.^X. i^■^:7':^??^J^^ 5 0 0^tC±^ 
L, ^£:ta;5S::g:G a N-'-^ :7T/i 3 2 3 :^F^;ife:g-r6. 

.^i/^T-tf-tr:/^?g.S^ 110 oT:(c^f^L. 110 0^ 
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L/ctg^-y y r:^y^ t LTtK^^ 2 0, 5 L/ 
5/, r>'^t--r$;9. SLX^^. TMG^lOOcc/ 

2 mor > K — :/G a NT±^il/i 3 3 .160 

~rG a NTltil/i 3 3 
[ 0 0 7 1 ] ^l-^T% S i H4 ^ 1 0 c c ;bD:t, 51!^ 

J!^atL7t. m^-^X. TMA^ 6 0 c c yA<7:>WL:^Xmx. 
^Z,t\^XK>. n M A 1 G a Nmi5ic?i Ail 3 6 (/i:^ 

0. 2 5 urn) ^h{^^CO±,{Z^ r>K — 

rTG a NTtiilil 3 4^ ^^co^ifj^g G a N^/^y^V 

Kii 3 7 ^?f0;5j^:L/^. 

[ 0 0 7 2 ] -^COtfe, St^St^Jt^ 7 4 O^^T'l^t^L, 
y r;^f::^^7K5^yi^r3^^ (i?^fi:2 0. 5 lX^) 

:^>. TMGco?5tEs3:(i: 9 c c b, T M I t7:)-f^|^ 

^6* 1 4 0 c c 3 0 c c /^<t ^Stl^ »9 

^i'tlcti^. I n G a N^^fg-^/i 3 8 ^?l^i5it ^ cD 

I n G a N^f^ti/l 38 li, 3^COIno.2Gao.8N 
(i^^ 2 n m) ^^/i i: 1 no. 05 G a 0. 95 N Ci¥^ 4 n 

[ 0 0 7 3 ] I n G a N^J{^^m 3 8 ^l^^t^ 
it^-^O^ 1 1 0 O^C{c#t^-r^o St;5?^it:d^ 1 1 0 oT; 

0. 50/5^) G a N7fe;^-Y K)i 3 9 , p 

SO ^A 1 G a Nmi5^?^A/i 4 0 (^^0. 2 5 u m) , p 
^G a N 3 >^ ^ h/f 4 1 (i^^O. 3jum) ^(7) 

mxMf^-r^. pMA \ G a Nm,'^L'^Am 4 of^Mm(D 

K — hI^5^:fC P2 Mg COmr^^Mn. 2 0 0 c c 
^L, pSiGaN=i>^:^hii4l Oj^:S:P#(DC P2 M 
g 0#^;^^:Sc{^ 5 0 c c ^ l^tzo P MG a ^ bJE 

[ 0 0 7 4 ] ^y^±o:):fj'^X'i'^f^^tifzm^\:,^?^^^mi^i^ 

^mi^M^mmm. (tem) m^^no^ti:-^, mq 

Wli^^^-r^ I n G a N^fgtiS^tCj^. ^' (TI) ^ 

-t^MQwmmt'^i^f^^^x^'^^^tidmmx^tL^ ^ 

5^? [ 0 0 7 5 ] ^JiCD,^^^, 'i^^Mm^ZX^i^-^^^m 
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j:^ i--v'mS'mmx'n. i o c ui'-co^^^cdm 

[ 0 0 7 6 ] ^fc, ±U^mmM<7^-'^^. n^GaN 

N^^-^^^ h/i4 1 _h(c!^m^$^^i7:>/tde>s i 02 /i4 

3 ^51?K6^fCjf0j5j^;L, r.(7DS i O2 /i4 S^O^pMG a 
N V-r^^ ^ h /l 4 1 _h p fUJ^I^ 4 4 L/Co 

[ 0 0 7 7 ] mz,. _hi£K^om@^#-r6^ig^^/i^^ 
350jumX500Ai mCO;^^ ^ {d 

^S4 1 7 nmr-^t^i^/^^ig-r^C 
1 . 5 k K/ c rn^ T^^o/-, 

[ 0 0 7 8 ] 'i'^^'mX^J^X^tzO a N ?^4^^g[f2^ -"tf 

f^, ^^^^5:^i^^<, ^m'c\^fzn-^^yx\'^^\^x 
(crioiNT, x>^\w^wpcif^ \^-'^n^mm^\z-^w^x 

y^^^t^. Xf^pM K™''^^^ hr-^^-^^^-v-^^A (M 

[ 0 0 7 9 ] z.K\z.n\^'^mmr<^'^.xn. ^LUf^m^.t^^ 

i:>\^^'^<r>m 100 — 100 oi^tcMU. {tW^t'^X^^ 
[ 0 0 8 0 ] fi^. ^Hm^l^l^.TM^ ^'-if^co^^rm0J 

J: ^ f^iiT'^ 

[ 0 0 8 1 ] (^so^mff^i^) '^^(j^'^-m.m^xxt. 
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(::GaN (2jum) . XI^GaAlN (0. 3 m) X 
GaN (2 Aim) ^/5S;:i: L/' g^itC/f^KSct- 60 

[0 0 8 2 ] ^-f. -htSiT^St^JiiC 1 0 ^ mi^gCO S i O 
2 GaNX(:iGaAlNJi(75a$i (11 — 2 

0) tmiKyri^ <1~100) t:., 2 mr^[!ir-^ h ^ 

±{CMOC VDifef^J;^:). 5-oO^;mCOGa N/f^/^fe 

B^r^^ix^. ^tz. wr^miMiM^mum (tem) mm 

[ 0 0 8 3 ] z.^^o^zW-^Bf^t^^m^h.. ^ii^a-fi:^ 
g - :^ o ^ M M ^ t:^^ ^ /i ^ ^ -r 5 S _h 

iDm\zx-^xi^f^i.tLmim^mPfi^-^'^:> . 
:km^z[^±L. m2(Dmmmmx^L.tzi--^'tmm 

[ 0 0 8 4 ] /ir*D. ^l^ifeJ^^^.TM^ u — -tf {::oi^rt^e^ 
[ 0 0 8 5 ] (m4^|lMJi^^) Hes^. ;^^pjwm4 

[ 0 0 8 6 ] 

JL^Tfcme^^^, ^-r. i^:7r Y Zg^^s 0 Jtf:^. Si 
O2 ^ T i 02 yiJ^bixSt^^/lM^^^t^ J: ^^m\^X\^ 
i^StU/t-^;^ ^^^^ 5 1 ^J^i^-r^. -7;^ 5 1 t::ii. 
ixri'^;^^i'^;d^, lH^O. 5 y mc7?|| □ ^f5:d^ 5 0 mfflPi 

[ 0 0 8 7 ] s^J.T<ry\y—^m^W.^mm<o^^m%M.oo 

rs^5 0_b(c, G a N/<^:y ([g;^-tt--r) /i»^2 5> 

r^/iJcS^n^. -^rcOi^f^tCS i ^ K — r b}t nMG a N 

?l^l/^r. -^cOjitBi^S i ^ K-y^Lf:i/i:^ 0 . 2 5 m 
C7:'ng/Gao.8 A 1 0. 2 N ^i^^^^i Ail 5 4 >^ /irJt:^-^ 5 . 
[0088]^kl^-e. i^^O. lj^m£OIno. iGa 

/c/?^ 0. 25wm(7:>pi!/Gao.8Alo.2 N-g^^riA 
^56, n MG ao. 8 A 1 0. 2 N^i^^SE^/f 5 7 ^Ji[1^5c 
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[0 0 8 9 ] ^^V^r^ "^^--^^^O^MOC VDg®{^3g 
AL. '^i^-^tt^^ 5 7 OizJCMg ^ K— y^LTt pMG a 
N:::i>':^^ h^58 ^/lit:^-^^. p MG a N ^ > ^ h 

[ 0 0 9 0 ] J^lic?:) J; 9 f^fF^^^jt \y — 'fm^mm<ry 

0 ^?f^iife-r 60 — p^GaN=rV<?^:^^hil5 8 ±{Z 

t^, ^mm.m^ m%\z.7f^-t x^of^^ y^-^ 

[ 0 0 9 1 ] JL^iicT) J: 0 \Z.^f^\^tL^MW^—^^\:.— 
^K:^ 3 8 0 n rnT'm?^il?^^^;i^?t^.^^fc. r Ol^tD 

[ 0 0 9 2 ] ;*:||S^Eff^l^t^J:6ffi^^M^^^^^^'"ifr- 
1^, Si02 ^Ti02 t-hf^^^mj^^-^ 5 1^ 

.^^B^a^^^i^ti. ^^^^^coi 0 0^C7:>ljL^T(^f^->L. 

[0 0 9 3 ] ^/C, t^^?i-et^r> :^^.^p^-C'i5}i:g;i, 4# 

(c-^i^^iiAiii: ur^i^SG a A 1 ^m\^^^^x^m-'^ 

1 Lr^i/^fcS i O2 <^T i O2 t-h^^^mn^^W\ 

[ 0 0 9 4 ] (^5<7>^ifej]0ife) mi\^. *^i^om5 

[ 0 0 9 5 ] ^-r. nMv-y ^^^V-g^e Oiv^^^ 1 0 0 
nm0^^^t;S i O2 S6 1 ^^<t;it:P T'JI^hlc-f 
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T^*&^iK{::it^tt-^o ^^l^^T. y ^y-ftr J:: 

6 1 a ^Jf^/Jic-t-So Cixtc:J:t9. v- U =1 >-Sffi 6 0 
fcti^-ttTttg. h <£:fi^^-r^. cc7:>SI^^MOC V 

D|^gF^tc.Aix, S i O2 ^6 1 L/^l-^i: 9 (c. 

[0096] ?^l^T', ^^2, 0jLirnC7:>nMGaN^> 
^ ^ hme 3 ^^f^l^ . S i O2 ^6 1 ^^i^iAAy/c^ 
i^^i-^^o ^COnSliG a N :n ^ h/g 6 3 S i O2 

^0. 25jumc?0nSiAlGa N^i^^SaA/i 6 4.^^ 
0 . 1 jt/ mc?:' I no. 25G a 0, TsNfg-t^/l 6 5. ^ 0 , 
2 5 jLi mt/:) pMA 1 G a Nmr^lSaAil 6 6 , ^^0. 3 
/imCOpMGaN:=i>'^;?^ h/le 7 ^ Ojlll-^^f^ J^it^r 

[ 0 0 9 7 ] MOC V D bit 19 thi Lfc=S, v- y ^ 

i't? fc, pi!^G a N =i>^ ^ h/i 6 7 o^s^T^^^r-^-^^ 
^mtc. pM K- e^-^^^'Lfc/fo&i^-ft:^, pM, 

n M m ^ CO jg; to: T tf S ( C ^ ^ # H ^ T- r - - / u 
[ 0 0 9 8 ] i^iiO:^?i-e^^;iJ^;L/'^7t^-Yyr- Kicil 

I t> ^ M r- ^ ^ ^ 1/ ^ 9 5 . 

[ 0 0 9 9 ] (me tTD^jfejf^M) ^8t^, ^mm<o%Q 

-tf o ^ ^ « it ^ -r w ffi lEi -e ^ 6 . 
[0100] ^-r. 1^:7 7- -frs^s oitcMOCVD 

IpfSt^G a N^^ 5/:7t;18 2 ^^Jc:^L, -^-^O^^ 
;::r > y^G a NT±ftlii 8 3 ^^^X . n 

MG aN:n>:$^^f^;i84, nMAlGa N^iSti^A^ 
8 5 , nlUG a N^fey^^ K/f 8 6 , ^^SI^^F (MQ 
W) I n G a N^^f^tt/i 8 7 . p{RijGaN 

7t;^/VK/i88, pSlA 1 G a Nli:i5^?iA/i 8 9, p^ 
GaN^V:^^ h;i9 0 ^rOjIlT'/Jfeg U, l^^ — iftCi^^ 

[0101] .\LU^mmi^<o]^-^'{zmm l/^i^^;^ 

^, nMG a N:n >^ h/i 8 4 ^Clt-r^^r K^-Y^ 
V >'^^^;^;^ ^L.T^^50nm(7>SiO2 ^91^ 

5(? 0 nmr^f^iCO::^ h ^ iiaiH 5 0 n m ^^^^^ — 
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^> ^ v.. U^<r>M mum 9la^;Wf6Si02 

[0 10 2] r.(7:>^. :0DX^t7:)^.r^^MU^MOC VD^ 

@F^(C^L. y K":/c?OG a Nig 9 2 ^ 1 0 0 nmC/:^ 

^-r^. n^G a N/i 8 4 <h n^iiA 1 G a Nil 8 5CO^ 

p^G a 9 0 cr>_t:{c p Mm^^ 9 4 ^--e-ix^*^JI^ 

[0 10 3] r. ^ LTf^i^L7t4^*f$:U"if^(cm^i:^A 
4 2 0 n mc7:)^:^fcm'feft:bfc — if Tt;^^ 
^^.T'^f^e G a N3g^S§ 9 2 <7:^fliJM(C{^. 4 2 0 nm 

S^S^F^t-lAofc 4 2 0 n mi;jl^CO^S:^^^o/c7t 
[^^(7:>:;^ifer-i^'f^^(7>T{Cj^^4 2 0 n m(7?[H]i?ft&^^ 

[0105] J£jl±, ±IBm 1 7!jMm 5 (Ty^Mm^-^^Xt. 

r, ^fcs i O2 i O2 ^^t^?t:^^(coi^rt^B^ 
b7t;6^, S i O2 , T i O2 coftiifc. 'm.iYMTkiY.^m^ 

MW<ry^3:\^^x-tr>^ 1 0 0 0 t:tx±<7>iagr*M^tt^ 

Lr I n2 O3 , T i N, A I N, S i , 

wNx ^t'^mfhn^. ^fz. 1 0 0 0 t:iUJtc7:)i^t^T 
t>c7:>T-^ix(i\ ^ >'^■;:^v^>'^c7>^^t4■ 
[0107] ^Tt. ^^3g;|*<7:)^i^t^)F:f$:-^;:^^ <h LT 
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[ 0 1 0 8 1 J^(±«7:>J: 9 (c, ^^coif^m^f^T^^L/t-^;^ 
[0 10 9] ^fc. _blSII:&fe?f01^T^f^/5S::^g;i^<h LT , 

[Olio] ^mmit^imTf.it^m^mP^^ 
[0111] imj (ommmm) ^ 9 , [ei 1 0 it^^m 

[0112] m 9(c:i3i-r, 101 n^yr ^ rmm. 

20 \ 0 Z\%'^ y^ ^ h <J:> S \ O2 M {0 , 3;^m), 1 
0 3 !^ r >^ K--:/G a NH (3x^m) . 1 0 4 n - G 
aN^V:^':^^ VM (S i Y--~f, 5 X 1 0 c rn"^, 3 
IX m.) . 1 O 5 n — A 1 0. OsG- a o. 92N ^ ^ VM 

( S i K— :7", 1 X 1 0 c m"^, 0 . 8 ;i m) . 1 0 
6lin-G a N^S^^ (Si Y—^, 0. 1 m) . 1 
0 7 n — A 1 0. 2 Gao8 N ^ U T y o — 

g&Ihlg (S i K — 1 X 1 0^^ c m"^, 2 0 nm) . 
10 8 (^!^1±iir-^S. 1 0 8 I n G a Ns: 

(r K — ^, I no. 2 O a 0. 8 N, 3 n m) 
30 5ii^^n^i*tl' I n G a N^M/i (r>^K— y^. In 
0.05Gao.95N, 6nm) h ^ '^^^'F (SC 
H-MQW) ^/^oTl/^^. 
[0113] ^^(C. 109fip-Alo.2 Gao.8 N 

^ ^) r^—^<-~y (Mg ixio 

^^cm"^, 2 0nm) , 1 1 0 p - G a N ig^Kjl (M 
g 37^, 0. l;um) , 1 1 1 p - A 1 0. OSG a 
0. 02N V y Vm (M g K — 1 X 1 0 c m"^, 
0. Sjurn) , 112{^p-GaN^>;5^^K/i (Mg 
K— y^, IXlO^^cra"^, 0. 8jum) , 113 f^P 
^i? t (I0nm)//Ti (20nm)/Pt (30nm) 
/Au (1 ju m) pllij'^^, 1 1 4 1^ A 1 XT i 

/Au^itCOnilOm^^, 1 1 5t^S i O2 te^m^T'^ 

mmz-Wf:) (^fiT i 02 y s 102 ^^m\^mm l 

[0114] [El 9 , J^Tcoii 

r-^Sc -t^y r rst^ 1 0 1 mo 
( a ) iCTF-ri: 9 (c, c VDfer-ff^;si^;L/' S i 02 ii 1 
0 2tC7^^?f^{c^n L7t-^-^^^JF^/5jt-t-S. ^(OSiO 
5i? 2 '^^^f7:>iS]fte^r/;^^ ^ eolith, -t^:7rYrg^lo 
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1 tri^ K-:/G a N 1 0 3 1 7o^:i.Tt 

^mi^T> K— :/G aN103cO <1-L00> ;^ 

[0115] ^^^^x\ mm^m^r- 120 o^-^ r-#?^ 

T;^f;^ i: ^-t y r Lfcjl]^a(7>MO C v D 

1 0 oT;ic#f^ 1 9^r^r > K--:/G a N/i 1 0 3 ^ 

a N;^^ 5 0 0 r-{^^^;^IC/5S:g: L, 1 1 O OTAC^El 
C i:r-A:^^t^(OG a N;d^J]^;iSc^ix^o .^i-^r. 3 

K — 'T'G a N/i 1 0 3 ;5^Jf$/5jt ^ 6 o 

[0 116] J: f^;i;B3{^il?-<n(^\ ^:^^mnm^mi^ 

ir^^L-r. nmm±^r^f^-r ^ . g a nji i o 3^</ijt 

G a NJi 1 0 3 O — :^;^^i^_hCO^iSlc(CJi, ;^ 

1 0 2 cDiiTt^Rjir^^o-r m^at'^^^'r^m^t , 

[0117] t^fz.. OVD^X'^j^f^l.tz. S i O2 /i 1 0 

{t:^4^^i^;i^s i 02 ii 1 0 2 _btct>^^SiJt>i^:^ br 
[0118] i!ki/^r% :A:^^^^-^-r(^, n -G a n ^ 

:^hiil04, n-AlGaN^i^^;/Fjll05, 
n — G a WM'H^M 106, n— AIq. 2G-ao. gN^-^ 

y r::^— ''^"■^ u—Kih/i 1 0 7 . MQwfg-t^/iio 

8, P-AI0.2 Gao.8 N^^ y T/^-/^-:7 n-f?^ 
Ih/l 1 0 9 , p -G a N?©£S/i 1 1 0 , p - A 1 o. OSG 
ao.02N^'^-vK;illl, p-GaN^^JV^^h/ll 

[0119] JJ^l^T'. ±IS^;i^iitcO — ^15^ n MG a N 
^ h/i 1 0 4(n^®^r- K^-f :^:y^^-^'1fe{cj: 

h/i 1 0 4 (T^^ffitc n iiy^l^ 1 1 4 ^fc 

;=<f-0]I±^r-^^ pMG a N:=i >':?^ hi! 1 1 2\Z.\-X 

Mfti i.tz.mitm^mw-m<r>mm\t s i 02 ;i i i 5 
[0120] ^^}:.(D-JJ^1^xY^m.^ ^tLmitm^.^-m^^i- 
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llg # ^ <^ iJL - ^ir S ^ ^ ^ 5 M Q W ^ ^ /^Sc 

[0121] iL'i^<7:>^Mw^mm^m^i.tL^/ 

10 "^.^.^n-otzt:!^. S:^4 15-417 n mT-^?^il 

m.^mt'^^mm^riti^ ^^oi5{tmi£{i4, 8v±o. 

3V, l^fil^r^^S;^ 1 . 5 — 1. 8 k A/ c 

r^^ofc. ^btC, ^>^/^f^co9 7%Jt^_h^^^r'l 0 

^i^^Mt^ 2 — 5 k A/ c m" ^ fiDO^/i^::^^ < , ^ 
fc^t^iS^^$gttlf^[^ 5 0 OEi^r^J^f^T-^o /t. 

^c? [0 12 2] ^^J; 5 ^vr^rmt^ 
10 1 Jitc7^:^j^(7>|^ s i 02 

^ 1 0 2 ^^f^/^st L, r: O-v^ ^ JbJ>lG a N/i 1 0 3 

COX^(^'P^J:^^M^uM^O a N/i 1 0 3 ^J1^l?it-r^ ^ ^ 

[0123] /^:i6, ^HJ^Jf^fiiTM^, ^10 ( a ) T'tj^ 
\^tz7sf^m<Dm^^<l^ — >'^'^-i'^ SiO2^^^10 
2^^l/^fc;d^ HlO (b) X'^-tB.'Mm<^mQ^-^^ — 

ti^^X^fz. ^btc, ^10 (a) X7r^l.tzy^nm^^^ 
— i^^S i O2 ur^i/^/c^-^. f^l^t::^ 1 0 

( b) xm X^tz.^'^m^^^ — ^-^^ S i O2 co^^ LT^ 

[0 12 4] {ms(D'Mmmm) m w^. ^mm<Tym 

^-tmmmx^^b. fj:^. mil 4^(7:> 301— 315 {-^ 
l]94'O101 — 115 fCtg^ LTl/^^c 
[0l25]-tf:7r Y rgte3 oiJbtc?^. IIiiT)-^;:^ 
^ ^ LT^^ 0. 3;imOSiO2)i 302a t'^mf^^ 
ti. -^COitCii:^ 3 mCOZ:^ K — :/G a N/i 3 0 3 a 
GaN;i30 3a _hi:i{^. ^ 2 O-v 
i: Ur^^ 0. 3;im(5^(7:)SiO2/i302b 
f^^n. ^(7:»±tC/f:^ 3 ju mOr K — ^G a 3 O 

3 b ;a^^0^^ixri^-5. 

[0126] ^LT, GaN^ 303b JbtCli. 9b<7:>% 

7(7ymmmmtmm\:-. n ~g a n:^^^^ 3 o 

4 . n — A 1 0. OSO a 0. 92 N ^ K/l 3 0 5, n — G 
50 aNag:K/i 3 0 6. n-Alo.2 G a o. 8 N =^ y T 
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^y<^:7 n -p;5ih;i 3 Q 7 . S CH-MQWfg-i*/i 3 0 
8, p-Alo. 2Crao. sN^^e^U y y u 

Ih/i 3 0 9 , p -G a Naggf^'ii 3 1 0 , p - A 1 o. 08^ 
ao.02N:i^^:yK/i3ll. p-GaN=!>''^^^Mi3 
1 2 , p iPJjmt^ 3 13, n m^W: 314. S i O2 

[0127] ^•mMmmt'^%<r)n i (nnm^frmtrnf^^ 

9r.^T'^6o t^oT, n-G a N:=r h /I 3 0 4 

to 1 2 8] -^yTA 7-^1^3 0 1 Jute, m \ \ 

(C/^i-J:^iC. C VD^^^T'fl^^UfcS i O2 /i 3 0 2 a 

J^:^' 3 0 2 a (Omn. -k^^<nW.\%. % 7 (DUIMMmt 
f^^t^, f-7T-^r^t53 0 1 r> T^^G a N 3 0 
3 a Ol?&^^S^c7> 1 %JLiATi: ^ia r >^ K — 'T'G 
aN303ac7:) <1-100> I^b^ ¥tf J- ^ 9 

[0129] ^^i^r% M^^s^r- 120 oXL^x^m^ 

Dv£(ci:i? 3:9^F^G a N^^z^-r 60 ^i-^r. t^it^l 

1 0 oT:(c#t^L, 1 9#r^r > k— ^^g a n;i 3 o 3 a 

[ 0 1 3 0 ] ^!^l^r-, iO2M302b^CVD 
mx-mf^i^. r >- K — :/G a N 3 0 3 a CO <1-10 
0> ;^f^i^^T(-, itlSjLiin, M)^ 2 0 M mCO::^ h ^ 

:7^'^;^^ ^jT^i^fe-r^c ^^i/^r*. m^^m^X' 1 2 0 ox: 
^x^i^i^x. m^<D^-^ji'^ u-^^^Vts i 02 
-v;;^:?^ 3 0 2 bcor~-V ^ ^mt^Lfzi^Mm^m'r. 
^co^. ^^m^ 110 CC^T-l^fUL. b y y 
c> A^u^r ^^^rif;^ ^ ^-t y T;^/;^$:#^^ii^b. 1 m 

mT>' K — ^G a NM 3 0 3 b ^fi^M^^. 
[ 0 1 3 1 ] ^^i^r% :^^{c^M"rs -1 ^« Lt:::. n- 

G a N:n ^ h/i 3 0 4 i^^^?f^fifeL, 

02-^^ 3 0 2 bov!. h^-Y:/<^^fttc-r^::i:t^J; 
[0132] J[^Ji.7):;^teT'f^j5fe^ix/t^{b^?^^^fj^i/ 

r:y }^ — yOaNm3 0 3 3i(D^Xmi 0^ cm 
"^^r-, T K — T^G a Nil 3 0 3 b i: t9 .b^CO^iiJ!^ 

[0 13 3] ^iKD-m.m^^'T^^mPf^mm^ 
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^"^'(-'^^^.A^ Lfc^ ^1^^:1:4 1 5 —4 1 7 n 

mxmi^m'^mmi)-mm-^ntz. ^-i^coti){^^/±{:±4 . 

8V±0. 2V. L-^ L^flimM^SJ^ 1 . 0 — 1. 6 k 

^^r^i 5 0 0 ommiiK±(o^i^mmmm7)-mm^tx 

[0 134] z.(7:>x 0 {z.?^mtkmmxn. 'i^a^^j^^ 
}\^^^'3:.\^x.-^xmi<D'^m\^m^^ ^ \>^fs:^n'^^\tL(n 

{'kW.^\^t-^t.}:.t'^X^ . ^^sP^OTttdi;^)^^ u — if o 
[0135] ft^. '^'mi^^'^'^XXt. m \0 ( a ) \:-f?^ 

b7tA:^jF^ofl^Q/N"-3' — v^^-r^ S i O2 -^^^^^ffi 
\*^fz,if. c ofiiif^ t>!l 1 0 (b) rvT^-rH:^JT^(7:>r?^ P/-^ 

WSi02-^:^:^ (302a) Jl^X H:^ J^^^ ^ 

i'^? tXWMmtL^m.iy^^\z.\^W.X'^^z.t Xt^^^o^X^ 
[ 0 1 3 6 ] glJ::, m 7:SLU^m8 coHS^ff^l^-efi:, 

\z.m\Lm''^.'^m^w<ryf^m^^x^^ 1000 

So ^'J^ LT. T i O2 > I n2 O3 , T i N, Si 
N, WN X ^;e)^^tf (b tl6. ^fc. 1 0 0 0 ^i^±(7:>I^ 
^XWi^^^M-t'^\><TyX^^\f.. ^^^V::^^^^m(ry^ 

y^x^fyr-^rm^^mz^mit^iy^. Si, 
SiC, ZnO, MgAl2 04 ^(7:>St^ ^ M ^ 6 r. ^ 

[0 13 7] ^fc. :^^0J{^M{b*^^ig{^i/"1fco;^ 
[0138] (m 9 COI^ISJF^M) ^ 1 2 f^. ;^is:#0J(7>^ 

^ff^-tm^mx^^. 

[0139] (ill2fc:fel^r 511 y r ^ T mRx 
r.cOS^£ 5 1 1 n MG a N/-< 5/ :7 r ^ 5 1 

2 :d^J]^;5fe^ixri^6o G a N-'^ :y ;7 r ® 5 1 2 ±tCf^ S 

i 02 :^ 5 1 0^^;^ h T-Y ^^^lc?f^;^Je:$n, r.c7>-^ 
5 1 0 ^fflt^Tx-^ :7 r >ri 5 1 2 i^^^o^^ 

5(? ^ :yf^>'^^ixTl/^So G a N :y y r if 5 1 2 ^t/' S 
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1 02 5 1 0 ±iC[in§i!A 1 G a N ^ :y K/i 5 

r >- K — :/G a N3fe;^"'l' K/i 5 l 4 , 1 n G a N 
/I nG a N7:i^^/^51:-^^P"ii 515, pMGaN3fe 
5 L 6 , p M A 1 G a N ^ ^ K/i 5 1 7 /i^ff^ 

[0 14 01 ^fz. Aim(7^mmmmwn. ^mm-^^h^ 

"7 V K^5 1 3±tCf^ nllOmt^S 1 9 :^^ff^/Jfe^nri-^ 
6o P^A 1 G a N ^ ^ :y KH 5 1 7±{Cf^. {fifita: P 
i^G aN=rV^^ h/i5l8 LT p t^ijl^^ 5 2 0 

fl^^iS^nri/-^^. ria bcoiit^ 5 1 9 , 5 2 0{^-^n-e 

[0 14 1] C-ir-. #/i(7:>.1^a^B/5fe:^(-S^MOC VD^ 
^^^LT^.^^. ^f::, fi^^^i^^ ^"T 6 G a N (5 1 

2)/AlGaN (513) CO-^x ^ -f^ ^ 

(C, nMG a N/1 5 1 2 (7:>ftic:^^(c:-^;^ ^ ^ S i O 

2 ^-e^f^^^^Ti^ >9 , -^co^tc — ocoitl;^^ 2 

7"'. ^COi:^, nMG a N/i 5 1 2CD — fl^t^^-/^^:/ 

[0 14 2] ^'mm.'mm<omm.'x^\%. ^^^it^^-rs 

--■X D^-^c^ — S i O2 -^^^^^f^/^cL. ^Ojiic 

^ ^^C0^^^^@< ^?!^< , nMA 1 G a N^^ ^ 5/ K 
ii 5 1 3 ^il< ff^/aJt-r 6 r. . :^^^'>K;i5l3 

^-^<D^^%W u-^-lHcO t^flf 1^ , 1 k A/ c 

19. ^^^cr>l/^5i^TJc/J^^<-r6r.^^^r'#/c. 

^Jl^tg;5j^::i: (MOCVD) tCi:l9tfofc, 1 3 

(a) t^. -^::7r -YT S^±t::G a Nii$:.^ 2. ^um 
f^^\^. ^COjiiCitii^ 1 . 5 m(Dv; h :/t^S i O 

2 fxmmWiX'^yr ^ rmWi(D <1 1-2 
1) ;^rp], -ff^t^-ho di]^<D (i-ioo> ij^z^mf^ 

[0143] ^fc. m\3 (b) f^. i^yr-YrSISJi 
tCG a N^'^<^ 2 . 5 mf^-^ Lfcttj|fi<h (fl^ /^StS_h(C 
1 . 5 mCD:^ h ^-Y y^t^S i O2 -^^^ :^ 3 p. 
mXmmX. [H 1 3 ( a ) <hl^9 0" -f"/^ 
t:)^i^:7r Y rS^o <i-ioo> ^f^, ^/cf^Ga 
NC7) <ii-2 0> ;b-f^tc:R^j^cL.^c*^c7:>^'jr-^6o M 
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13(a), (b) l^^5g^^^|H«^ (SEM) J: 
[0144] [gI13 (a) T'f;t. S i O2 ^Z^^^ft 

[0145]—::^. illi3 (b) x\t. S \ 02 

^S±c7:>i^2^^ S i O2 "7 ^ tmT\z.mf^^ 

[0146] '^li<r>^^t^h. Moc vDifer-f^-^ b -J 
-Y^t^-^;^ -1' rst^c7:> <ii-20> 

'r?'.^^ t G a NfO <i-ioo) ::^f^i]t::?f^/55j;-r'5 r. 

Ll'^r. ^ 1 4 , H 1 5 l.lT^T/L'Jij^:^ 

^GaNc^ (1-100) , Si02^h^'l''7' 

[0147] —ij. t'^^^-rh'^yj^X\^. 

[0 14 8] ^(bi^. -^^^i^i^^lffStC^^i^-r^Kii^^i 
2 ;u m^^G a N/i^;55t:^$-tJ:^r J: »9 , J^ii: 

[ 0 1 4 9 ] -f w-^miL\t-^7^^t^hmMz.%i 

40 ^m^z-t. -kfz-^ (d:7. ^rfm(Dm%^W:<-r 
{%i KDummm) ^ \ \<Dmmmmx\t. s i 02 
m<r>'^7.^ ^mf^^^T^m^t LTG a N^m^^tzWf 

J:t/A 1 G a N <^^i^;t:fe|^{coi^r . yv-y/^ 

aSHJSi^^l^^f^^tc^^^M^tl/xS::^ (MOCVD) m 

[0150] [Ell6t^. i^:7r'i' rS1^±tcG a Nii^ 
jji^ 2 mi^:^ CO _h{Ci|ii^ 2 jlz m h ^ ^ S 
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[0151] S i O2 h 9 -^^ ~y(ryij[^i^^ ^ 

1 0 coHitJT^l^rvi^ L7t J: MOC VD^fef::^i^r 
7^x^^^;^^:^^^f^xi^ii^i^-t^:7 T -1' rst^(7> < 1 1- 

2 0) :^r^, "ty'j^h'hG aN(D <i-ioo> ::^\^t'-r 

[0152] mi 6. mi 7n. ^^mm^mwim ( s 
6 . mi 7 {c^-tx ^ t''hhcomtR±.r'h. Sio 

r*G a NO;jfe:g;5^xlff L, S i O 2 ^ ^^^t£"t 

[0153] b7^^L/^;i^b, [K] 1 6 (C7r:-r ct 9 tC. Ga 

[0154]^:^, ^17 {Z^-t ^ 5 f-, A 1 G a 
G a N/i^:7T'Y r(7:>^^^it±(cs i O2 -v-^^^^ 
-r^^J-^tcf^, -^--X^itCTKV Kfrn^^ii-r, y^'y 
/L'/5fe:^Ec J; 19 , G a N/ir-^ni/McSa^^ixrv'^^, ^ 

i O2 W(7:>-v;x ^ ^Mf^i^. -eoJitCG a NjicT:)^^^^^ 
/^jSS^tT 9^^^::^v^sS^^(7:>^ffi{cA l G a 

[0155] ±iE(7)m 1 o^5j:o<-^i 1 commmmx 

V. :^ by ^y^ik'^:^^\t^yr ^rmt^^ <ii-2 

0> ;^[^, 't^J:t>hG a N<D <1-100) Z^l^tWfT 

iti 0 umiiK±tL.. '^y^^(Dmm (Pn^oiiii) i^i 

[0 156] ^fz. yY-'7/i^f^S^^C^^^tii!bC0'^ 

^nm-r^mmt Lnt. ^yr-crmm. sic 

SS, Si^m. G a A s GaPSliS, GaNg 

tR^^^</l^^ (Di^^ ^m^</l^^ Jii^Z. I nx Gay A 1 2 
Bi-x-y-z N (0<x, z<l) ^Mf^L^tzm^ 

/l-f^^\Z^ Vnhtifzm(D^n^t^^\.\ mz.. AlGa 

Nid-Ti^(om-^n. \^'^^ ^ y ^t^^c:^^\.\ .lib 

(DTi^M t i^Xn. AlGaN, InGaN, AIN, 
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GaN. :^XXlZh^hCOUn^z.B^^ML^rzUm, ^ J; 

nz.Hi'^(Dm^m-^^iii'^i^^' :t^c t.tz. -<^y^^ 

n^f&l^timm-t{z.fii^i^^mit, Ga NX'h:5Z.tt'^^ 
Ll^^^. I nx G a y A 1 2 B i-x-y-2 N ( 0 
Sx, y. z^l) Xh^XhX\^\ 0'^\K.i'X. -^"^^^ 
Mf^l^fzA \ G a NX G a N/'^y T Tm^Ai^ZA 1 
Ga N ^ y y y /i-f^-^ ^ -^X h X \^^^ 

imi 2<7:)mmmm) mi 2(Dmmmmxn. Ga^y 

^y T ^ rmt&. ^J: U^A 1 G a N/G a N//i^7r ^ 

10 rgi^±tc. mi o(Dmi^j^mx^i.rz^)'y T ^ rm^ 

<7> <ll--20> ::fe-fp]. i^/^t^-^GaNtT^ (l-lO 
0) ::^fS]tCfi)i I 2jurnC7?S i02 -^^^>^2Aimr^[^l'r 
Jf^KScL. ^c7:)_h{'G a Nii^^ 1 0 m^iicg ^-^/tS^^ 

[0 1 5 7 1 ^/t. m^(Dm^-^\:zxh^mw-i--^^(o^ 

i^^it^L/zo Moc VDiifefcj: ^M{b^^^^f$:L--" 
Kommmmtmrnx^h. ^^mmmmxn. i nca 

N^.S'MM^^^ (MQW) <D^^m\'t2tt'^o 
[0 15 81 ^^ — ^—m-T'^rfr^l^rzmW:, GaNXl^ 

yY'<rmm±^zrfML.tz^^icztt-^. AiGaN/G 
''^^^m^■h^^z.tt^mml^rz. g a NX^y r ■< r 

M^'^C^^M^:^^^^. A 1 G a N/G a N/i^y T ^ 

m.w<mz.^^miLm&(r>%wmx\-t. g aNX-^y r 4 r 

30 StjS^^i^^^. A \ G a G a n/^y r 

J^4. SVXh-Dfz. ^fz. A 1 G a N/G a N/if:7 

r ^ rs^^^i^TtK^r-i^. H^fitm^^^ii^^ 1 . 8 

[0159] mz.. '^i^mMt^m^mimi^. ^-^^^^^ 
40 p^LfCo G a^/-^y r ^ rm^^^^^tzm-^xn. 
5 0 0 op^r^fli^s^^-^Sij^^ii^ bTt^fc 19 75^tb. 

8 0 0 0F#rflr-^o/c. ^tvfC^L. AlGaN/Ga 

N/-t^y r rmR^^^^tz if~^^r-ii. 900 

(Dmi'^'^&<r:>t'^J[L^t^^hfifzt'^ . ^l 5 0 0 0P#P^co 

m^m^ii-%^thtz. 

[ 0 1 6 0 J G a NX^yr-^r^^Et , A 1 G a NX 

G anZ-^yr '^rmw.<r>. ^-hh^^mx^tzm^l^i^ 
50 x.'-X'h. ^^t^^<Dmit^%^Mi^^-~'^—\z.\:t^tt\^. * 
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7 ^^Pp^Mf^-^^n^, ^m^D. ^mm:t. ft 

(0161] giisji, mi 3<7^mMmm^^i^.^^mw 

_btCG a N/i 7 0 2 , A \ G a N M 7 0 3 t^miW ^ Htz 

(C, -^y^ ^> 7 0 4 >7:>^ QtP J; «9 . MOC VDfef:: ct ^9 G 
a N/i 7 0 5 ^/iJtft ^-tir^o 

[0162] G a N/i 7 0 5^^, ^ DH rS] [H tj^ (7> ^ 

mm^-^^ ^ t{^X ^ . 7 0 4 }L\Zyy-yjU:^\^ 

[0 16 3] XK^nm^^in. ^^(OG a NfM 7 0 
^-^Z^^'h. n -G a N V:^ h /i 7 0 6 . n - A 1 G 
aN^^^Kji 707. n-Ga N;^-Y Kil 7 0 8 . M 
QW7 0 9. p -G a Ny^f^ K/i 7 1 0 . p-AlGa 
N/i 711. p-GaN^ >^ ^ bm7 1 2f)^h^j:^i^ 

[0 16 4] m^m^^mPfi--^r-x'n. ^m^^i^f^ 

K^x\^-^tzt^. umtm^-^:! t"^. ^yr^rm^m^m 

(Dm^^z^y)^ i^-^—co4^m^<r>i'fm:tmmx\ w-m 

:^mmmm(DX o\z.i^m^r:ii^-^-m^X'\^. f^Miz. 
X D ^m^cnhKtzW'^R\^cr>mi^xmh^tz^^'t<7y^^ 
^^^i^^mtLxmmx^^tzi^. i-^-^'co^m^i^^ 

[0165] 

m^.it^m^m^m^j^m^^^t\^x-^x. miit. m 
mwm^^ yy ^ r ^ osteite jT^fife-r^ ^ t if^x^^ . 

[0166] ^fc, I n G a A 1 N@ CO — ^ d^^ff^i^C 
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^ ;y ^cD^^t^1S< C^/i:< , -l-^^U^A 1 ^^trM 
K :^ L /i L I ^ffl c7)^g: I ^ u - ^ 

10 [iEi3] mKDmmmtMz^mx^tz'^y^^ (r>mumw.m: 
[[14 ] :^mmo:>m2 (D-mmm:B\z\^^t>^m\im^.^m 
[^5] ■m2<ryMmmm{zmm^tz^m.^^(r)m imu 
[[^6] <rmmmmkz^.i:>hmitm^.mm 

[gl7] ;^^|^^B5 co^^feji^ll(::^^h)5^^b4^^^5t 
i'^? [[18] ;^^P^C0m6 cD^5fe?f^l^tC>f^t:5^^<l:i^^DB 

[[19] ^mm<r>%7 (D-mmmm\z.^^i:^^mitm^.^^m 

[Hi 0] ^7 c7)|l5fe?l^^jc{^^ i.t'-^y.i^ ^-^^^ — i^<r> 
[[Ill] ;^^0J(7:>m8o^JS?f^l^(ci3^5^ft:4^.^^iS 
[g]i 2] ;^^0^(7?m 9 O^JfeJf^Mt-^S^ftli^^^ag 

3g:i^^^(75^ffiS EM^3gT-^ 19 . (a) ;^ h v 

ik<7y-^y^^^'^yr^T^m<D (11-20) :fjmzm 
f^i^t-m-^. (b) 9 oS^/£6::^fS]fcff^^L 

[1114] His (a) iC^L-Zcif ^-:7"/K7)^ffiTEM 

[Ell 5] His (b) {Z7T:\_.f:i^^^yf/l.cr>m^T EM 

[me] ;^^p^(7:)m i i cDmmmm^zm^m^m^.^ 

40 *f2^^-?-C0^ES EM^^T-fe I? . (a) , (b) 

-fk\.\>G a n/^yr ^rmR^\zs i 02 
[n 1 7 ] :^^0^com 1 1 <r:>-mm.mm\zm.^m\:.m%'^ 

^^W%^<D^W^SEM'^MX-h^ . A 1 G a N/ GaN 

[gii 8] ^^m<^mi 3 co^mm^zi^^^^it^Tf.^m 
[11191 ^^f^-B:{zit^{i:^^(D^mmz.mA^ti^m 

50 {iL<ry^^^jf^^m:^m. 
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